Structure/activity relationship of adenine-modified NAD derivatives with respect to porcine heart lactate dehydrogenase isozyme H4 simulated with molecular mechanics.
Using a significantly simplified modification procedure, four charged analogues of the coenzyme NAD, N(1)- and N6-(2-hydroxy-3-trimethylammoniumpropyl)-NAD, N(1)- and N6-(3-sulfopropyl)-NAD were prepared. The kinetic parameters of these derivatives and N(1)-(2-aminoethyl)-NAD, N6-(2-aminoethyl)-NAD and tricyclic 1,N6-ethanoadenine-NAD, all with alterations to the adenine moiety, were determined for porcine heart lactate dehydrogenase isoenzyme H4. The coenzyme activity depends on both position and charge of the introduced groups. Modification of the N6-position leads to a 25-250-fold increase of the kcat/Km value compared to the related N(1) derivative. The kcat/Km value for 1,N6-ethanoadenine-NAD is in the range between that of N(1)-(2-aminoethyl)-NAD and N6-(2-aminoethyl)-NAD. In the case of both N(1) and N6 functionalization, the Km values increase from (3-sulfopropyl)-NAD, with a negatively charged substituent at the adenine, over (2-amino-ethyl)-NAD to (2-hydroxy-3-trimethylammoniumpropyl)-NAD with an uncharged and positively charged substituent, respectively, at the adenine. All N6 derivatives are analogues like NAD with respect to Km and/or Vmax and kcat/Km. The conformation of NAD and its derivatives was calculated and their interaction in the active site of lactate dehydrogenase was simulated using the molecular mechanics program AMBER. The significant differences in activity in correlation to porcine heart lactate dehydrogenase isoenzyme H4 could be rationalized by modelling the three-dimensional structure of the NAD site.